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KRMS  SSM/I  Validation  March  1988 

Quick  Look  Report 

L.  DENNIS  FARMER,*  DUANE  T.  EPPLER,*  BRUCE  HEYDLAUFFt  and  DAVID  A.  OLSEN** 


INTRODUCTION 

The  Ka-band  Radiometric  Mapping  System 
(KRMS)  was  installed  on  Naval  Research  Labora¬ 
tory  (NRL)  aircraft  UP-3  A  (BUNO  150607)  on  2-3 
March  1988.  Installation  was  accomplished  at  the 
Naval  Weapons  Center,  China  Lake,  California, 
under  the  direction  of  Bruce  Heydlauff.  There 
were  no  problems  encountered  and  the  deploy¬ 
ment  to  Alaska  began  on  schedule  on  6  March. 

The  primary  objective  of  this  mission  was  to 
provide  high-resolution  passive  microwave  im¬ 
agery  in  support  of  the  NASA  SSM/I  sea  ice  algo¬ 
rithm  verification  program.  Four  flights  were 
flown,  originating  from  Eielson  AFB,  Fairbanks, 
Alaska,  flight  1,  8  March,  was  in  the  Chukchi  Sea 
region/  north  of  Cape  Lisburne  (Fig.  1),  and  was 
-  unaccompanied.  Flight  2,  11  March,  was  a  tran¬ 
sect  over  the  Beaufort  Sea  from  the  north  coast  of 
Alaska  and  north  of  the  Canadian  Archipelago 
(Fig.  2).  Flight  3,  13  March,  was  over  the  Bering 
Sea  between  St.  Lawrence  Island  and  St.  Matthews 
Island  (Fig.  3).  Flight  4,  14  March,  was  in  the 
Chukchi  Sea  region  (Fig.  4),  northwest  of  Barrow, 
Alaska.  Flights  2,  3  and  4  were  flown  in  company 
with  the  NASA  DC-8  remote  sensing  aircraft. 

A  secondary  objective  of  the  mission  was  to  ob¬ 
tain  coverage  of  the  Tanana  River  and  several 
lakes  in  the  Fairbanks  area  for  a  research  program 
sponsored  by  U.S.  Army  Cold  Regions  Research 
and  Engineering  Laboratory.  These  tracks  were 
flown  as  a  part  of  flights  1  and  2. 

The  Special  Sensor  Microwave  Imager  (SSM/I) 
track  lines  flown  are  shown  in  Figures  1  through  4. 
A  complete  set  of  systems  logs  and  navigation  logs 
for  all  tracks  flown  is  provided  as  Appendix  A. 
Appendix  B  is  a  comparison  of  the  LTN-72  naviga¬ 
tion  system  and  the  OMEGA  (LTN-211)  naviga- 
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tion  system  used  on  the  UP-3A.  The  LTN-72  was 
the  primary  navigation  system.  Appendix  C  is  a 
copy  of  the  NAVPOLAROCEANCEN  Ice  Observer 
report  for  flight  2,  compiled  by  the  onboard  ice 
observer,  AG2  D.  Olsen.  Appendix  D  shows  rep¬ 
resentative  KRMS  images.  Appendix  E  is  the  Naval 
Research  Laboratory  aircrew  listing. 


SYSTEM  OPERATION 


The  KRMS  operated  flawlessly  throughout  the 
deployment,  and  over  6000  nautical  miles  of  sea 
ice  imagery  were  collected.  Quality  of  the  data  is 
very  good  to  excellent.  The  majority  of  imagery 
was  collected  from  an  altitude  of  20,000  ft  (6050 
m),  although  several  low  altitude  segments  were 
flown  at  5000  ft  (1524  m)  over  ice,  water,  and 
land. 

The  entire  data  set  is  available  for  viewing  at 
low  radiometric  resolution  (4  bits  per  pixel,  16 
gray  levels)  on  VHS  video  tapes.  The  raw,  unpro¬ 
cessed  signal  is  recorded  in  real  time  and  stored  in 
full  resolution  on  16-track  tape  in  analog  form. 
Computer-compatible  tapes,  which  show  images 
at  high  resolution  (1 1  bits  per  pixel),  are  also  avail¬ 
able.  Approximately  20  hours  of  KRMS  data  have 
been  converted  to  this  high  resolution  digital  for¬ 
mat;  ultimately  the  entire  data  set  will  be  convert¬ 
ed  to  this  form. 

System  performance  was  good  throughout  the 
deployment.  There  were  no  hardware  failures  and 
no  data  were  lost  due  to  system  malfunctions.  The 
system  was  sensitive  throughout  its  entire  dynamic 
range,  resulting  in  full  radiometric  contrast  from 
virtually  all  terrain  imaged. 


NAVIGATION 


The  primary  navigation  system  for  these  flights 
was  the  LTN-72  inertial  navigation  system.  The 
OMEGA  (Litton  211)  was  used  as  a  backup.  The 
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.  SSM/I KRMS  track  /,  8  March  1988.  Figure  2.  SSM/l  KRMS  track  2, 
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.  SSM/I  KRMS  track  3,  13  March  1988.  Figure  4.  SSM/IU  KRMS  track  4,  14  March  1988. 


differences  in  geographic  position  provided  by 
these  systems  were  large  at  times.  The  OMEGA  sys¬ 
tem  was  the  more  accurate  of  the  two  when  it  was 
on  line.  However,  the  poor  reliability  of  the 
OMEGA  prevented  its  use  during  most  flights.  One 
notable  exception  is  flight  1  on  8  March,  where  the 
OMEGA  provided  a  more  accurate  representation 
of  the  true  flight  track.  The  NASA  DC-8  remote 
sensing  aircraft  was  equipped  with  a  global  posi¬ 
tioning  system  or  GPS. 

DISCUSSION 

The  NRL  UP-3A  used  for  this  mission  will  be 
modified  to  allow  installation  of  the  KRMS  pod  as 
a  wing  station  store  for  future  missions. 


KRMS  imagery  content  and  technical  aspects  of 
future  system  upgrades,  etc.,  will  be  the  topics  of 
forthcoming  reports  and  papers.  This  data  report 
will  be  referenced  as  required  to  ensure  continuity 
and  clarity. 
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APPENDIX  A:  COMPLETE  SYSTEM  LOGS  FOR  ALL  TRACKS  FLOWN 


NAVIGATION  LOG 

Latitude  and  longitude  are  in  degrees  and  minutes,  to  the  nearest  tenth  of  a  minute. 
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DRIFT  I  Ot/TSIDE  AIR 


OTT 

LATITUDE 

LONGITUDE 

ALTITUDE 

TRACK 

SPEED 

HEADING 

ANGLE 

TEMPERATURE 

08:15:40 

69  05.5 

163  42.1 

20.000 

000.8  _ 

332 

001.9 

L  1.0 

start  1 ine  11 

08:17:15 

69  12.3 

163  42.0 

20.000 

359.6 

335 

00G.1 

0.4 

08:19:00 

69  23.5 

163  42.0 

20.000 

358.9 

335 

358.6 

0.5 

69  35.7 

163  41.8 

20.000 

001.5 

335 

000.4 

1.0 

08:24:30 

69  53.5 

163  40.9 

20.000 

001.0 

334 

358.5 

2.6 

Fnd  line  11 _ 

08:27:05 

69  57.3 

163  25.8 

20.000 

181.9  _ 

275 

183.4 

1.7 

start  line  12 

08:28:30 

69  51.3 

163  26.4 

20.000 

180.7 

278 

182.6 

_ UL- 

08:31:00 

69  39.0 

163  26.9 

20.000 

181.7 

282 

18379 

2.2 

08:35:40 

69  18.0 

163  27.5 

20.000 

179.4 

282 

182.2 

2.7 

End  line  12  ov 

er  land. 


KRHS  SYSTEM  LOG 


AY  MS _ 

ATE  3-8-1 


CM 

O 

:52 

o 

o 

03 

o 

ro 

o  ; 
o 

03 

22 

:40 

03 

25 

:  55 

03 

39 

O  i 

o 

03 

59 

:45 

04 

04 

:  04 

B1 

BO 

+9.5 

1 

0 

+9.5 

0 

+9.5 

0 

+9.5 

0 

+9.5 

0 

+9.5 

0 

i - 

1+9.5 

0 

! - 

+9.5 

0 

-5. 


GAIN 

OFFSET 

1.22 

4.64 

1.22 

4.64 

1.10 

4.72 

1.10 

|  4.72 

1.10 

4.72 

1.10 

4.72 

1.30 

4.64 

1.30 

4.64 

1.30 

4.64 

1 - 

(  1.30 

4.64 

1 

1.30 

4.64 

! - 

1.30 

4.64 

1.30 

4.64 

1.30 

4.64 

SCAN  RATE 

MS 


46  I  46.4 


45.8  45.28 


45.0  45.0 


48.0 


48.0  43.0 


14.8  139 


15.5  133 


15.5  133 


15.5  133 


16.5  125 


16.3 


16.0  127 


13.6  152 


ALT 


5,000 


5,000 


5,000 


5,000 


5,000 


5,000 


20,000 


20,000 


20,000 


20,000 


20,000 


CHUKCHI  SEA 


G.S. 


232 


238 


230 


248 


247 


247 


297 


310 


313 


317 


331 


326 


320 


273 


SSM/I  VALIDATION 
FLIGHT  #1 
MOSAIC,  CAPE  LISBURNE 


COMMENTS 


Tape  Started  200'  befor 


End  of  Track  _ 


start  track  2 


end  of  track  2 


start  track  3 


end  of  track  3 


start  track,  kotzebue 


adjust  for  V/H 


Ref  Load  Temp  chanqe 


end  track,  Kotezebue  so 


start  track  2, Cape  Lisb 


Mosaic  1 ine  1 


end  of  line  1 


* 

start  mosaic  line  2 


GKT  TIME  Bl  BO  REF  LOAD  I  GAIN 


1.30  I  4.64 


1.30  I  4.64 


SSM/I  VALIDATION 
FLIGHT  #1 

CHUKCHI  SEA  MOSAIC,  CAPE  LISBURNE 


1.3  4.64 


4.64  16.8 


1.3  4.64 


1.30  4.64  14.6 


16.4 


1.30  4.64 


1.30  4.64 


1.30  I  4.64 


1.30  4.64 


14.3 

145 

16.8 

1 

123 

16. a 

123 

13.8 

150 

! 

13.8 

150 

DAY  _ 

DATE  3-8-1 


08:36:35  9.5  0  -1.5 


REF  LOAD 

GAIN 

OFFSET 

-1.5 

1.30 

!  4.64 

-1.5 

1  1.30 

4.64 

-1.5 

I  1.30 

4.64 

-1.5 

1 

1  1.30 

4.64 

-1.5 

1.30 

4.64 

-1.5 

1.30 

4.64 

-1.5 

1.30 

4.64 

-1.5 

|  1.3 

4.64 

SCAN  RATE 
MS 


SSM/I  VALIDATION 
FLIGHT  #1 

CHUKCHI  SEA  MOSAIC,  CAPE  LISBURNE 


COMMENTS 


start  mos a  ic  1  ine  9 


end  mosaic  1 ine  9 


start  mosaic  1  ine  10 


end  mosaic  1 ine  10 


start  mosaic  1  ine  11 


end  mosaic  1  ine  11 


start  mosaic  1 ine  12 


end  mosaic  1 ine  12 


ALT 


20,000  336 


20,000  340 


20,000  278 


20,000  278 


20,000  340 


Lines  11  4  12  are  short  lines. 

Turns  during  data  lines  will  cause  problems. 


9 


DAY  I 
DATE 


SSM/I  VALIDATION 
FLIGHT  #2 
INBOUND  TRACK 


OCT 

LATITUDE 

LONGITUDE 

ALTITUDE 

TRACK 

QtOUND 

SPEED 

HEADING 

DRIFT 

ANGLE 

OUTSIDE  AIR 
TEMPERATURE 

21:33:00 

79  37.5 

125  50.8 

20,000  ft 

216.5 

777 - 

212./ 

L  5.6 

71 -TS-nfl _ 

73  in  f 

176  ?!  ? 

221.6 

276 

215 

6.3 

79  23.4 _ 

126  54,8 

218.4 

272 

212.2 

5.8 

ri  BITTI 

127  42.4 

221.7 

259 

214 

7.4 

fm  iiiiii— 

II  Bil  II  m 

BEBI 

256 

212 

6.9 

21:47:00 _ 

78  50.5 

smmmmm 

214.7 

250 

208.3 

BKKl 

wmigzm 

216.5 

273 

209.4 

6.5 

Sextant  sight 

21:54:00 

78  25.8 

130  53.9 

MUHOH 

270 

6.7 

78  18.7 

131  18.4 

256 

7.9 

21:58:00 

78  12.1 

131  45.0 

III  W 

7.8 

22:00:00 

78  05.6 

132  10.0 

m&m. 

779 

7.9 

22:03:00 

ua.t— 

132  42.0 

warn 

777 

70971 

6.  3 

1 1  ■  IcWiM 

mmmm 

212.7 

253 

208.5 

4.2 

turns 

MHW 

IHKJH 

mmm 

256 

207.8 

4.0 

bwfllTiV 

CTiEW 

bus 

_256 _ 

?na  7 _ 

_ 3_a_ 

22:19:00 

76  58.5 

135  19.9 

'timm 

RTOTB 

_ i.8 .1 

22;Z2:<50— 

nnw 

135  52.3 

HUKH 

n$mm 

2.7 

22:25:00 

76  36.2 

136  17.5 

RiEm 

263 

m  — 

2.4 

22:28:00 

76  24.3 

136  45.0 

H 

276 

206.9 

_ L2_ 

22:30:00 

76  16.0 

II II 1  H  1 

KiyjMB 

279 

206.1 _ 

_ lh_ 

22:33:00 

76  03.8 

137  31.5 

mtm 

282 

mwmm 

_ L_L_ 

22:35:00 

75  55.5 

137  49.5 

mtm 

282 

KUiKH 

_ 

EEBESHiM 

ii  nw 

138  15.6 

mmm 

278 

muomm 

JL. 

22:40:00 

75  34.3 

138  32.9 

mstn 

7 

mmwm 

22:43:00 

75  22.5 

138  56.2 

mmm 

277 

RRIHBI 

_ 

RUMiM 

75  14.4 

III  1  II  HI 

mwm 

278 

iRium 

■spglsIiSiiiigsS 

mmmm 

SSM/I  VALIDATION 
FLIGHT  #2 
INBOUND  TRACK 


orr 

LATITUDE 

LONGITUDE 

ALTITUDE 

TRACK 

GROUND 

SPEED 

HEADING 

DRIFr 

ANGLE 

OUTSIDE  AIR 
TEMPERATURE 

mammi 

RTUBB 

mmm\ 

■■ 

y-awunuB 

fzvswm 

n 

n.yjMii 

mmm 

r  w 

_ u 

1 1 1  n  m 

scnrcm 

wmmmm 

mtm 

Riims 

miiii 

SRiTHiliH 

nxmm\ 

irrwrw 

mmm 

mmm 

mwmm 

■1.4  . 

2iLQiiQQ_ 
23:05:00  1 

III  flB 

mi  i  n  mm 

mwm 

277 

2SA _ 

1.5 

IJ 1 1  W 

mu  w 

m 

277 

mwmm 

1.3 

JJ|T;  ffftm 

73  3L7 

HMPEIC1 

mtm 

2ao 

■  9 

bcm.niM 

111  rw 

mmmm 

Rimi 

mmm 

INI  — 

•8 

RHnfiTS 

H1HRM 

i Tmmmm 

RiRBI 

mwm 

287 

204.8 

_ 

23:15:00 

73  03.0 

142  57.3 

203.5 

293 

204.2 

L  .7 

23:18:00 

72  53.3 

143  11.3 

202.7 

295 

203 

.2 

23:20:00 

72  44.9 

143  23.1 

E>3Em 

296 

202 

.8 

23:23:00 

72  21-2 

143  42.2 

202.1 

297 

201.2 

1.1 

23:27:00 

IMIKM 

fifi^ni 

EI3SBI 

301 

II  H— 

.5 

23:30:00 

III  1111 

bikwh 

IM 

303 

mmmm 

L  1.3 

MBBiM 

mini 

ILIAJI 

304 

189 

2.3 

WHIM 

UlitM 

IMKB 

■ 

turns 

llll  HI 

144  24.2 

189 

310 

191 _ 

mmm 

iiiiii 

144  29.5 

fnEm 

319 

ini 

1-8 

23:44:00 

70  45.7 

iiiii  hi 

mwm 

115 _ 

ntTima 

_ lil  — 

23:47:00 

70  30.1 

144  46.9 

IE3HI 

IH 

■Mi 

23:50.00 

70  14.5 

144  53.6 

188.2 

m 

II  1  W  — 

Bfiliia 

70  09.3 

144  55.8 

mmm 

23:54:00 

69  54.0 

145  02.1 

break  track 

\mmm 

mmmm 

IB 

iwmmmmm 

\mmmm 

\wmmmm 

DAY  071 

DATE  3-11-1988 


~  GROUND  DRIFT  OUTSIDE  AIR 

LATITUDE  LONGITUDE  ALTITUDE  TRACK  SPEED  HEADING  ANGLE  TEMPERATURE 


SSM/I  VALIDATION 
FLIGHT  #2 
FAIRBANKS  LOCAL  AREA 


L_hanqar  52 
dr  port 


GROUND  DRIFT  OUTSIDE  AIR 

LATITUDE  LONGITUDE  ALTITUDE  TRACK  SPEED  HEADING  ANGLE  TEMPERATURE 


KRMS  SYSTEM  LOG 


DAY  £21 _ 

DATE  3-11-1988 

7 - r  i 

liWTTIMK  |  Hi  1  BO 
j  16:05:00  9.5'/  (T 

|  16:07:00  9.5  0 

J  16:30:35  9.5 

16: 36:00  |9 . 5  !  0 


j  16:53:30  j9. 5  |  0 


17:03:58  k). 5  I  0 


RKF  LOAD  CAIN  OFFSCr  V/H 
-4 . 5vol ts  1.3  4.67  15.! 


SCAN  RATE 
MS 


1.3  4.67 


15.9  122 

i30 


-3.5 

1.3 

:  4 . 67 

16.3 

130  ! 

i  20,000  1 

: 

32/ 

-3.5 

1.3 

U.67 

1 

125 

1 

331 

-3.5 

1.3  ] 

4.67 

17.1 

125 

20,000 

,  343 

-3.0 

1.3 

4.67 

17.1 

125 

20,000 

343 

Rl 

1 

17.5 

1.3 

4.67 

17.6 

1.3 

4.67 

17.6 

1.3 

4.67 

18.6 

1.3 

4.67 

18.6 

SSM/I  VALIDATION 
FLIGHT  #2 


20,000ft  339knots  Brooks  Range, start  at  :00ft 
20,000  319  change  scan  speed,  cloids. 


3"  error  in  aspect 


start  ice  mapping,  147 


3"  error  in  aspect  ratips 


ice  camp,  eane  of  multi 


Bin-  crack,  dark  ni  las 


first-year  ice. 


5%  off  aspect  ratio 


chanoe  scan  speed 


interesting  area  First 


changed  scan  rate 


solid  cloud  cover 


cl imbing  to  22,000ft 


SSM/I  VALIDATION 
FLIGHT  #2 


17:59:0019.5 


18:00:18  9.5 


18:02:30  9.5 


18:10:00 


18:14:00  9.5 


18:30:00 


18:39:00  9.5 


19:03:4519.5 


19:51:00  9.5 


20:07:00 


20:15:00 


20:50:30 


B1 

BO 

RF.F  LOAD 

GAIN 

OFFSET 

9.5V 

0 

|  -3.0volts 

1-3 

4.67 

9.5 

0 

|  -3.0 

|  1.3 

4.67 

9.5  I 

0 

-3.0 

1.3 

4.67 

9.5 

0 

1 - 

1  -3.0 

1.3 

4.67 

SCAN  RATE 
MS 


14.9  138 


15.6  132 


22,000ft  328 knot 


344 


change  scan  rate 


change  scan  rate 


change  scan  rate 


0  -3. 


0  -2.5 


1.3 


1.3  4.67 


17.3 

119 

20.000 

15.1 

137 

20,000 

1 

14.1 

1 

147 

20,000 

DAY  O/i 
DATE  3-1 


SSM/I  VALIDATION 
FLIGHT  #2 


'  SCAN  RATE 

B1  BO  REF  LOAD  GAIN  OFFSET  V/H  MS 


21:45:50 

9.5 

1-3.0  volts 

1  1.3 

.  4.67 

12.5 

147 

20.000  ' 

250 

enterinq  area  of  first-] 

21:50:00  j 

1 

- 1 

possible  open  water 

22:01:30 

9.5 

0 

-3.5 

1.3  ! 

4.67 

12.2 

17° 

20,000 

244 

l  chanqe  scan  rate, head  w] 

22:25:15 

9.5 

1° 

-3.5 

1.3  1 

4.67 

12.2 

170 

20,000 

248 

larne  flow,  looks  neat 

22:28:00 

9.5 

0 

-3.5 

1.3 

4.67 

13.8 

150 

20.000 

I  276 

J  chanqe  scan  rate 

22:35:20 

9.5 

0 

;  -3.5 

1.3 

4.67 

i 

150 

20,000 

282 

operi  water, new  ice 

22:39:20 

9.5 

0 

-3.5 

I1'3 

4.67 

1 

150 

20,000 

280 

nice  large  floe 

23:16:00 

9.5 

0 

-3.5 

1.3 

4.67 

140 

20,000 

293 

chanqe  seen  rate 

23:32:01 

9.5 

0 

-3.5 

|  1.3 

4.67 

. 

140 

20,000 

302 

very  high  Tb,  new  ice 

23:39:00 

|9.5 

lO 

-3.5 

Lie3 

4.67 

16 

— 

|129 

20,000 

320 

change  scan  rate 

23:54:00 

9.5 

0 

-3.5 

1.3 

|  4.67 

H6 

1129 

20,000 

320 

end  track 

DAY  072 
DATE  3-1 


SSM/I  VALIDATION 
FLIGHT  #2 
FAIRBANKS  LOCAL 


I  01:03:18  9.5  I  0 


01:07: 08 


01:12:26  9.5 


GAIN 

OFFSET 

1.1 

4.68 

1.1 

4.68 

16:30:00 


16:33:00 


16:35:00 


16:37:00 

16:33:00 

16:41:00 


LATITUDE 


64  06.5 


64  03.5 


64  01.2 


64  01.0 


64  01.4 


64  01.7 


64  02.1 


64  02.5 


LONGITUDE 


159  54.6 


ALTITUDE 

TRACK 

GROUND 

SPEED 

HEADING 

DRIFT 

ANGLE 

16:59:00 


17:01:00 


17:03:00 


17:05:00 


17:09:00 


17:15:00 


17:18:00 


1:00 


64  01.9 


64  01.6 


64  01.3 


64  00.9 


63  58.3 


63  48.6 


63  38.1 


63  28.7 


63  19.0 


165 

11. 

.8 

165 

30 

,8 

165 

59. 

.7 

166 

23 

.9 

166 

48. 

.4 

167 

33. 

.8 

167 

59. 

.2 

163 

25 

.5 

168 

48. 

.7 

318 

262.4 

319 

262.0 

317 

262 

315 

261.8 

314 

261.7 

267.6 

316 

240 

301 

228.8 

296 

228.4 

297 

227.3 

295 

228.7 

294 

SSM/I  VALIDATION 
FLIGHT  #3 
BERING  SEA  MOSAIC 


DRIFT  OUTSIDE  AIR 
HEADING  ANGLE  TEMPERATURE 


20:52:00 


20:54:00 


20:56:00 


20:59:00 


21:01:00 


Decend  to  5,000  ft 


21:16:30  59  56.0 


21:18:00  60  01.7 


21:20:00  60  09.7 


61  00.5  1171  34.4 


60 

44.7 

171 

52 

2 

60 

32.9 

172 

05 

6 

60 

24.9 

172 

14 

0 

Ki'iaM 

172 

24 

1 

60 

05.5 

172 

33 

9 

21:24:00 


60  18.0 


60  25.3 


172  47.6 


172  39.5 


172  28.7 


172  19.4 


172  11.8 


269 

216.5 

8.1 

269 

216.3 

7.5 

272 

216.7 

7.0 

270 

215.7 

7.6 

268 

215.3 

8.0 

263 

215.7 

8.9 

261 

215.5 

8.8 

6,000  ft 


6,000  ft 


LATITUDE 

LONGITUDE 

60  40.9 

171  32.1  ; 

21 

42 

00 

2 1 

44 

00 

21 

46 

00 

21 

48 

00 

21 

50 

00 

21 

54 

00 

21 

58 

00 

22 

00 

00 

'i'll  mu  —mii'Hi 

mu  u  umm  ■ 


QtOUND 

ALTITUDE  TRACK  SPEED 


20,000  ft 


iistsn 


SSM/I  VALIDATION 
FLIGHT  #3 
NORTON  SOUND  INBOUND  TRACK 


DRIFT  OUTSIDE  AIR 
HEADING  ANGLE  TEMPERATURE 


043.1  R  0.7  Horton  Sound 


inbound 


7.0 


61  23.7 


61  30.2 


61  36.6 


61  50.5 


62  00.7 


62  06.6 


03:00  62  19.9 


in 


170  33.6 


70  17.5 


169  59.2 


169  41.8 


169  23.7 


168  41.4 


168  08.4 


167  49.6 


167  07.2 


166  24.1 


inmmi 

IfiBCTI 

iron™ 
IMl 

ICiS'XiM 


[■III  [.-»■  I  W.-^M  1 1.1  ■  1  mM  — [iL-VMM 

■5  ii  |  ■  1 1|  mi  iffirffiiiMMWKii 

■jHTOMln  HI*! 


338  I  059.2 


63  46.6  162  02.7 


22:40:00  64  02.5 


GMT  TIME 


VO 

30 

o 

o 

16 

38 

00 

17 

21 

00 

17 

27 

00 

17 

47 

00 

18 

08 

00 

CO 

iH 

10 

45 

18: 

50 

30 

CO 

r— * 

54 

00 

9.5 


9.5  I  0 


I  19:17:15 


19:36:45 


19:40:00 


20:15:00 


KRMS  SYSTEM  LOG 

SSM/I  VALIDATION 

FLIGHT  #3 

REF  LOAD 

GAIN 

OFFSET 

-2.8volts 

1.3 

4.67 

-2.8 

1.2 

4.68 

-2.2 

1.2 

4.68 

-2.2 

1.2 

4.68 

■  1.7 

1.2 

4.68 

-1.5 

1.2 

4.68 

-1.5 

1.2 

4.68 

-1.1 

1.2 

4.68 

1.1 

1.2 

4.68 

-1.0 

1.2 

4.68 

SCAN  RATE 
MS 


OCMMENTS 


20,000  fti  304  knots  start  track  over  Norton 


20,000  309  gain  &  Offset  adjust  fo 


20,000  293  St  Lawrence  Island 


20,000  289 _ Start  Line  1  mosaic  2340  ft 

20,000  270 _ change  scan  rate _ 3100  ft 

20,000  280 _ St  Matthews  Island,  end  line 

322  start  track  2  3880  ft 


20,000  310  end  track  2 _ _ 


20,000  300 


20:27:15 


SCAN  RATE 

REF  LOAD  GAIN  OFFSET  V/H  MS 


ALT 


20.000  f 


6,000  ft  230 


6,000 


G.S. 


270knots 


COMMENTS 


end  track  5 


adjusting  for  track. 


start  low  level  track. 


decend  to  5,000ft. 


flying  all  over  the  sk 


stop  tape 


0 

-2.5 

1.2 

4.69 

men 

20.000 

334 

heading  home  via  Norton 

'  Sound 

LATITUDE  LONGITUDE 


GROUND 

ALTITUDE  TRACK  SPEED 


HEADING 


06 

OJO _ 

_X 

;2Q 

:!Q 

3L 

■32. 

1 15 

-L 

■33 

:00 

■32l 

;  00 

_Z 

Li! 

:0Q 

_Z 

Li! 

;30 

Lift 

;QQ 

l!Q 

:  99 

J_ 

:43 

:  00 

7 

.46 

.00 

n 

:  48 

:00 

2L 

:  51 

:  00 

7 

:  54 

:  00 

7 

:  56 

:  06 

ruo 

:  00 

H T 

re? 

:  00 

n 

73  15.6 
73T7.1' 
73  33.5 


1.6.3  47.6 

164  27.3 

165  06.8 

165  06.8 

166  12.3 

166  52.9 

167  20.0 

168  16.0 


165  00.2 
168  59.5 
168  59.4 
168  59.3 


_ 303.4 

_ 308.2 

_ 307.3 

307.4 

20,000  ft  '307.5 
20,000  ft  '  359 


329 

306.1 

3.4 

318 

304.5 

4.4 

316 

304 

5.3 

314 

204.5 

5.0 

314 

303.2 

5.1 

311 

303 

5.4 

309 

302.4 

4.7 

308 

302.1 

5.7 

306 

301.9 

5.8 

333 

354.7 

5.6 

334 

354.7 

5.4 

334 

353.3 

5.7 

336 

354.8 

5.5 

336 

353.3 

5.9 

333 

354.2 

5.7 

SSM/I  VALIDATION 
FLIGHT  *4 
CHUKCHI  SEA 
DRIFT  OUTSIDE  AIR 
ANGLE  TEMPERATURE 


3nm  to  coast 
ver  Hainwrioht 


Vast  MY  floe  &smaller  my  floes 


ILG  MY  Floe,  frozen  lead 


End  outbound  track 
Line  1  mosaic 

turn  to  course 


00 

74  33.8 

168  59.6 

00 

74  50.4 

168  59.4 

00 

75  12.5 

168  59.1 

00 

75  34.6 

168  58.7 

20,000 


334 

332 


3.65,3.. 

mu 

358.0 


3.1 


lend  1  i  ne  1 


GMT  1  LATITUDE  |  LONGITUDE  I  ALTITUDE  I  TRACK 


GROUND  DRIFT 

SPEED  HEADING  ANGLE 


20:37:00 


20:40:00 


20:43:00 


20:44:00 


75  18.4 


75  04.0 


74  44.4 


168  41.9 


168  42.8 


20,000  ft  I  181.3 


180.3 


SSM/I  VALIDATION 
FLIGHT  #4 
CHUKCHI  SEA  MOSAIC 


OUTSIDE  AIR 
TEMPERATURE 


start  1  me  2 


left  of  track,  ccr reding 


vast  floe 


20:47:00  74  29.9 


20:53:00  74  00.5 


20:56:00 


21:00:00 


73  45.3 


73  26.1 


21:03:00  73  11.3 


73  01.5 


168  42.1 


168  41.8 


20.000  f 

[HI 

79.6 

I  298  ! 

KHsHi 

1 

end  1 ine  2 


DAY  074 
DATE  3-14-1 


LATITUDE 

IDNGITUDE 

ALTITUDE 

TRACK 

GROUND 

SPEED 

HEADING 

SSM/I  VALIDATION 
FLIGHT  #4 
CHUKCHI  SEA  MOSAIC 


OUTSIDE  AIR 
TEMPERATURE 


MU  M  IIMn'II  H  M— _  ■ 

—  HElEMFtfa— 


22:07:00  73  21.6 


22:11:00 


IRE! 


168  11.3 


22:14:00 


22:17:00 


22:20:00 


73  04.1 


73  20.1 


73  20.1 


22:23:00  73  52.9 


167  44.5 


167  45.3 


167  48.8 


167  54.3 


167  58.5 


167  58.5 


20,00Qf 


iagfcMaiB 

I  llim"BHBI  H1  m«l  H 


22:39:00  75  21.4 


22:42:00 


167  56.9 


iiTw-— 


22:45:00 


22:48:00  75  19.0 


22:5 


167  37.4 


liauifl 


■  I  BIITH  —  (TfWTMZ 


23:17:00  72  58.8 


SSM/I  VALIDATION 
FLIGHT  *4 
CHUKCHI  SEA  AREA 


GIT 

LATITUDE 

LONGITUDE 

ALTITUDE 

TRACK 

SPEED 

HEADING 

ANGLE 

TEMPERATURE 

23:37:00 

.73  01.4 

167  30.5 

5.000  ft 

340.9 

247 

331.9 

7.3 

beain  diapona) 

23:39:00 

73  09.3 

167  41.1 

338.2 

248 

331.9 

7.0 

23:40:00 

73  14.8 

167  49.2 

335.2 

250 

23:42:30 

73  22.9 

168  00.4 

338.9 

254 

332.9 

5.8 

23:44:00 

73  28.5 

168  08.1 

338.7 

254 

332.9 

5.8 

23:47:00 

73  40.5 

168  22.3 

341.7 

253 

336.6 

5.1 

23:50:00 

73  52.7 

168  34.9 

343.6 

252 

339.0 

4.5 

23:53:00 

74  04.4 

168  48.5 

5.000  ft 

341.8 

249 

337.8 

’  3.9 

23:56:00 

74  12.2 

168  58.2 

5.000  ft 

341.1 

247 

337.5 

3.5 

Break  track 

T5U-  74  1?.0 168  41.5  248 
30  74  17.4  168  19.4  5,000  ft  087.5  258 
W  74  1777  TGI  55.3  088.3  257 
"JT  74  T779  157  1FT2  686  To  255 


1  cross  track 


00:14:00  73  42.4 
00:16:00  73  3d  7 
00:20:00  73  19.1 

00:27:00  72  53.3 


1162  36.1 


00:31:30  172  37.2  1161  48.7 


Id  imbing 


Is  Barrow 


SSM/I  VALIDATION 
FLIGHT  #4 
CHUKCHI  SEA  INBOUND 


ground  drift  outside  air 

LATITUDE  LONGITUDE  ALTITUDE  TRACK  SPEED  HEADING  ANGLE  TEMPERATURE 


00:45:00 


00:47:00 


00:49:00 


00:53:00 


iiiiii  h  mii  iii  i  m 

IBlWlgEJPl 


IBillHl 


71  58.4 


71  37.4 


71  23.0 


71  15.7 


70  47.6 


70  22.6 


IKWIiTWZlI 


till 

flflj 

Bfij 

Pi 

foi 

Illtj 

SiTij 


156  44.9 


155  42.4 


155  00.4 


154  26.3 


IISEBHUREnKl 
— wriTir 
Smiroa 


liEHfFFE— I 


151.6 


25,000  ft  I  149.5 


i.iiwn  ■  w— mmmmm 
1 1  Bill  HI  W I  H'H  I  H'M'Bi  ill  tH  It M I 
I  IB  I'H'IH  >!■  H 


DAY  J 
DATE 


KRMS  STSTEX  LOG 


SSM/I  VALIDATION 
FLIGHT  *4 


GMT  TIME 

B1 

BO 

REF  LOAD 

GAIN 

OFFSET 

V/H 

SCAN  RATE 
MS 

ALT 

G.S . 

COMMENTS 

KBB 

-2. Ivol ts 

1.2 

4.68 

18 

115 

20,000  ft 

tundra  lakes,  outbound  1 

19:22:45 

-2.0 

_ 

1.2 

4.68 

18 

115 

20,000 

360 

Wainwright ,  AK. 

19:31:00 

0 

-2.0 

1.2 

4.68 

17.5 

215 

20,000 

350 

begin  multi-year  ice  zoi 

19:40:00 

9.5 

0 

-2.0 

1.2 

4.68 

16 

130 

20,000 

320 

change  scan  rate 

-2.0 

1.2 

4.68 

15.5 

130 

20,000 

310 

-1.7 

1.2 

4.68 

16.7 

125 

20,000 

335 

start  leg  1  mosaic 

20:31:00 

9.5 

0 

-1.6 

1.2 

4.68 

20,000 

334 

end  leg  1 

20:34:15 

9.5 

1° 

- 

-1.5 

D 

4.68 

14 

248 

20,000 

280 

start  leg  2  mosaic 

21:05:00 

-1.2 

1.2 

4.68 

14 

148 

20,000 

284 

erd  leq  2 

21:08:00 

9.5 

0 

1.2 

1.2 

4.68 

16.2 

127 

20,000 

325 

start  lea  3  mosaic 

21:35:50 

-1.5 

1.2 

4.68 

16.2 

127 

20,000 

332 

end  leq  3 

mm 

-1.5 

1.2 

4.68 

14.1 

145 

20,000 

283 

start  leg  4  mosaic 

22:11:08 

HU 

0 

-1.2 

m 

Mi 

145 

291 

HRIIVliM^QI 

22:14:00 

9.5 

0 

-1.2 

1.2 

4.68 

16.5 

126 

20,000 

330 

uai  ILLS -  SSM/I  VALIDATION 

DATE  37-14-1388  FLIGHT  «4 


GMT  TIME 

B1  !  BO 

REF  LOAD 

GAIN 

OFFSET 

9 

SCAN  RATE 
MS 

ALT 

G.S. 

COMMENTS 

1 

|  22:42:00 

SB 

-1 .2vol ts 

1.2 

4.68 

16.5 

126 

20,000  ft 

335knots 

end  leg  5 

1 

!  22:45:00 

EB 

-1.1 

1.2 

4.68 

20,000 

285 

start  leq  6  mosaic 

1 

1  23:17:00 

EB 

-1.0 

1.2 

4.68 

14.3 

146 

20,000 

285 

end  leg  6 

23:37:00 

j|Q 

1° 

-1.7 

1.3 

4.67 

50 

41 

5,000 

250 

low  level  diagonal 

23:55:20 

Q 

-2.0 

1.3 

4.67 

50 

41 

5,000 

250 

end  diagonal  track 

23:57:30 

Q 

-2.0 

1.3 

4.67 

SI-6  J 

40 

5,000 

258 

start  crossing  track 

EBB 

-2.0 

1.3 

4.67 

5,000 

258 

end  crossing  track 

lj:00: 12:30 

-2.2 

1.3 

4.67 

15.5 

138 

310 

inbound  toward  Barrow, AK 

00:31:00 

-2.31 

climbing,  aspects  off 

00:37:00 

9.5 

0 

-2.3 

1.3 

— 

4.67 

13.0 

157 

25,000 

330 

chanqed  scan  rate 

00:55:13 

-1.8 

1.3 

4.67 

13.2 

157 

330 

Point  Barrow  area 

01:40:00 

-1.8 

1.3 

4.67 

13.2 

157 

25,000 

330 

end  of  mission 

■ 

I 

1.  . 

IB 

■ 

22 


day  M2 _  SSM/I  VALIDATION 

DATE  3-8-1988  FLIGHT  *1 

CHUKCHI  SEA  MOSAIC,  CAPE  LI SBURNE 


!  ! 
IGWT  TIME  1 

B 1 

B0 

REF  LOAD 

GAIN 

OFFSET 

V/H 

SCAN  RATE 

MS 

ALT 

G.S . 

COMMENTS 

o 

CO 

o 

o 

+9.5 

0 

-5. 7Vo1 ts 

1.22 

4.64 

46 

46.4 

5,000 

232 

Tape  Started  200'  befon 

lipqinninq  nf  trarlr _ 

1 

1  01:12:24 

+9.5 

0 

-5.7 

1.22 

4.64 

46 

46.4 

5,000 

238 

End  of  Track 

7 - 

I  01:18:40 

+9.5 

0 

-5.7 

1.10 

4.72 

45.8 

45.28 

5,000 

230 

start  track  2 

9t.  nff  acppr-t _ 

01:26:50 

+9.5 

0 

-5.7 

1.10 

4.72 

45.0 

45.0 

5,000 

248 

end  of  track  2 

]  01:28:53 

+9.5 

0 

-5.7 

1.10 

4.72 

48.0 

43.2 

5,000 

247 

start  track  3 

T 

1  01:35:42 

+9.5 

0 

-5.7 

1.10 

4.72 

48.0 

43.0 

5,000 

247 

end  of  track  3 

j  02:50:00 

— 

+9.5 

0 

-3.0 

— 

1.30 

4.64 

14.8 

139 

20,000 

297 

start  track,  kotzebue 

j  02:52:00 

+9.5 

0 

-3.0 

1.30 

4.64 

15.5 

133 

20,000 

310 

adjust  for  V/H 

-j - 

j  03:02:00 

+9.5 

0 

-2.5 

1.30 

4.64 

15.5 

133 

20,000 

313 

Ref  Load  Temp  channe 

7 - 

|  03:22:40 

+9.5 

— 

0 

-2.5 

1.30 

4.64 

15.5 

133 

20,000 

317 

end  track,  Kotezebue  sou 

03:25:55 

+9.5 

0 

-2.5 

1.30 

4.64 

16.5 

125 

20,000 

331 

start  track  2, Cape  Lisbu 

03:39:00 

+9.5 

0 

-2.5 

1.30 

4.64 

16.3 

127 

20,000 

326 

Mosaic  1 ine  1 

03:59:45 

+9.5 

0 

-2.0 

1.30 

4.64 

16.0 

127 

20,000 

320 

end  of  1 ine  1 

04 : 04 : 04 

+7.5 

0 

-2.0 

1.30 

4.64 

13.6 

152 

20,000 

273 

start  mosaic  1 ine  2 

DAY  M2 _  SSM/I  VALIDATION 

DATE  3-8-1988  FLIGHT  *1 

CHUKCHI  SEA  MOSAIC,  CAPE  LISBURNE 


GMT  TIME 

B1 

BO 

REF  LOAD 

GAIN 

OFFSET 

V/H 

SCAN  RATE 

MS 

ALT 

G.S. 

COMMENTS 

04:29:22 

9,5 

Q 

-2.0 

1.30 

4.64 

149 

20,000 

277 

end  wsaic  line.  2 _ 

04:32:30 

9.5 

0 

-2.0 

1.3 

4.64 

16.3 

127 

20,000 

332 

start  mosaic  1 ine  3 

04:53:00 

9.5 

0 

-1.8 

1.3 

4.64 

16.8 

127 

20,000 

338 

end  mosaic  1 ine  3 

04:56:00 

9.5 

0 

— 

-1.8 

1.3 

4.64 

13.7 

150 

20,000 

277 

start  mosaic  1 ine  4 

05:20:40 

9.5 

0 

-1.8 

1.30 

4.64 

14.6 

— 

150 

20,000 

293 

WSBKKKHMU 

05:23:25 

0 

-1.7 

1.30 

4.64 

16.4 

126 

I 

329 

MSiSWI 

I 

|  05:46:20 

0 

-1.7 

— 

1.30 

4.64 

16.4 

126 

20,000 

330 

1 -  - 

1  06:00:00 

— 

9.5 

0 

-1.7 

1.30 

4.64 

14.6 

143 

20,000 

290 

1 - 

1  06:06:40 

— 

9.5 

0 

-1.7 

1.30 

4.64 

m 

153 

Mi 

mu 

RBPRHRRRIi 

!  """1 

1 06:32:10 

— 

0 

-1.5 

1.30 

4.64 

14.3 

145 

mm 

mm 

-1.5 

_  .... 

1.30 

4.64 

16.8 

123 

HUS 

wm 

■  ■ 

ten 

0 

-1.5 

1.30 

4.64 

16.8 

1 23 

B 

mm 

t — 

|06:58:45 

— 

19.5 

0 

-1.5 

1.30 

4.64 

13.8 

150 

20.000 

■ 

r 

| 07: 24: 25 

-1.5 

1.30 

4.64 

13.8 

150 

IK 

mm 

mmmmm 

23 


DAY  M2 _ 

DATE  3-8-1988 


SSM/I  VALIDATION 
FLIGHT  #1 

CHUKCHI  SEA  MOSAIC,  CAPE  LISBURNE 


08:14:00  9.5  0  -1.5 


08:27:15  |  9.'  0  -1.5 


REF  LOAD 

GAIN 

OFFSET 

9 

SCAN  RATE 

MS 

ALT 

G.S . 

- 1 

COIMENfS 

-1.5 

1.30 

4.64 

16.8 

123 

20,000 

336 

start  mosaic  1 ine  9 

-1.5 

1.30 

4.64 

17.0 

■ - 

123 

20,000 

340 

end  mosaic  1 ine  9  | 

-1.5 

1.30 

4.64 

13.9 

150 

20,000 

278 

start  mosaic  1 ine  10 

-1.5 

1 

1  1.30 

1  4.64 

13.9 

150 

20,000 

278 

end  mosaic  1 ine  10 

-1.5 

i — 

|  1.30 

4.64 

17.0 

121 

20,000 

340 

1  1 

start  mosaic  1 ine  11 

-1.5 

1.30 

4.64 

17.0 

1 

121 

20,000 

340 

end  mosaic  1 ine  11 

1 - 

-1.5 

1.30 

4.64 

13.7 

15U 

20,000 

275 

start  mosaic  1 ine  12 

1 - 1 

-1.5 

1.3 

-  - 1 

4 . 64 

13.7 

1 

150 

l  ' 

|  20,000 

275 

end  mosaic  1 ine  12 

SCAN  RATE 
MS 

ALT 

G.S. 

COMMENTS 

122 

20,000ft 

339knots 

1  Brooks  Range, start  at  ! 

130 

20,000 

1  319 

|  change  scan  speed,  cloi 

3%  error  in  aspect 


start  ice  mapping,  147 


3%  error  in  aspect  rati 


ice  camp,  edge  of  multi 


Big-  crack,  dark  m  las 


first-year  ice. 


5S  off  aspect  ratio 


change  scan  speed 


interesting  area  Firs 


changed  scan  rat 


climbing  to  22,OOOft 


Bl 

BO 

REF  LOAD 

GAIN 

OFFSET 

1 

9.5V 

0 

-3.0volts 

1.3 

4.67 

9.5 

0 

1  -3.0 

1  1.3 

1  4.67 

9.5  I 

0 

-3.0 

1.3 

4.67 

9.5 

0 

[ 

1  -3.0 

1.3 

1  4.67 

18:10:00 


18:14:00  9.5 


18:30:00 


18:39:00 


19:03:4519.5 


19:51:00 


20:07:00 


20: 15:00 


20:50:30 


0  -3.0 


.67 


1.3  4.67 


SCAN  RATE 
MS 


14.9  138 


15.6  132 


16.6  125 


17.5  118 


154 


13.6  151 


13.6  151 


22.000ft  328  knot 


22.000  344 


22,000 


22,000  386 


23,000 


24,000  328 


-3.0 

mmam 

.  119  | 

-3.0 

919 

$9 

.119  ..  _ 

-3.0 

1.3 

4.67 

1  17.3 

.  119 

20.000 

-2.5 

1.3 

4.67 

15.1 

1 

137 

20,000 

-2.5 

1.3 

4.67 

14.1 

147 

20.000 

SSM/I  VALIDATION 
FLIGHT  #2 


COMMENTS 


change  scan  rate _ 

change  scan  rate _ 

change^scan  rate _ 

ts  af.f. ... 

chance  scan  rate 

interesting  area,  poss 


tape. 
tt  tape. 


GMT  TIME  Bl  BO  REF  LOAD  GAIN  OFFSET  V/ 


21:50:00 


22:01:30  9.5  0 


22:25:15  9.5  |0 


22:28:00  9.5  0 


22:35:20 


22:39:20  9.5  0 


23:16:00  9.5  0 


9.5  0 


23:39:00  9.5  0 


23:54:00 


-3.5 

1.3 

4.67 

-3.5 

1.3 

4.  o7 

-3.5 

1.3 

4.67 

-3.5 

,1.3 

4.67 

-3.5 

1.3 

4.67 

-3.5 

1.3 

4.67 

-3.5 

1.3 

4.67 

-3.5 

1.3 

4.67 

-3.5 

1.3 

4.67 

SCAN  RATE 
MS 

ALT 

G.S. 

147 

20.000  ft 

?RRknnts 

147 

20.000 

.250 _ 

170 

20,000 

244 

170 

20,000 

248 

150 

20,000 

276 

150 

20,000 

282 

150 

20,000 

280 

140 

20,000 

293 

140 

20,000 

302 

129 

20,000 

320 

129 

20,000 

320 

SSM/I  VALIDATION 
FLIGHT  #2 


entering  area  of  first-. 'ear  ice 
possible  open  water 


change  scan  rate, head  w 


large  flow,  looks  neat 


change  scan  rate 


operi  water, new  ice 


nice  large  floe 


change  scan  rate 


very  high  Tb,  new  ice 


change  scan  rate 


end  track 


DAY  £12 _  SSM/I  VALIDATION 

DATE  3-11-1988  FLIGHT  #2 


FAIRBANKS  LOCAL 


DAY  £13 -  SSM/I  VALIDATION 

DATE  3-13-r.12.8a  FLIGHT  #3 


COT  TIME 

Bl 

BO 

REF  LOAD 

GAIN 

OFFSET 

m 

SCAN  RATE 
MS 

ALT 

G.S. 

COMMENTS 

Sound. 

r  video. 

16:30:00 

9.5 

0 

-2.8voltS 

1.3 

4.67 

15.2 

136 

20,000  ft 

304  knot: 

start  track  over  Norton 

16:38:00 

9.5 

0 

-2.8 

1.2 

4.68 

15.4 

136 

20,000 

309 

gain  &  Offset  adjust  fo 

17:21:00 

9.5 

0 

-2.2 

1.2 

4.68 

15.4 

136 

20,000 

293 

St  Lawrence  Island 

17:27:00 

9.5 

0 

-2.2 

1.2 

4.68 

14.4 

136 

20,000 

289 

Start  Line  1  mosaic 

2340  ft. 

17:47:00 

9.5 

0 

1.7 

1.2 

4.68 

13.5 

150 

20,000 

270 

chanqe  scan  rate 

3100  ft. 

18:08:00 

9.5 

0 

-1.5 

1.2 

4.68 

13.5 

150 

20,000 

280 

St  Matthews  Island,  end 

.line  1 

18:10:45 

9.5 

0 

-1.5 

1.2 

4.68 

16.1 

128 

20,000 

322 

start  track  2 

.  3880  ft. 

18:50:30 

9.5 

0 

-1.1 

1.2 

4.68 

16.1 

128 

20.000 

310 

end  track  2 

18:54:00 

9.5 

0 

i.i 

1.2 

4.68 

15.0 

138 

20.000 

HU 

19:17:15 

9.5 

0 

-1.0 

1.2 

4.68 

HI 

150 

HBK 

19:36:45 

— 

0 

-1.0 

118 

Ml 

150 

ph 

end  track  3 - 

19:40:00 

-1.0 

m 

4.68 

Ml 

iHg 

iiifiiii 

PH 

| 

20:15:00 

-1.0 

iIRS 

itm 

5m 

HH 

mm 

20:27:15 

I8KM 

in 

II 

KH 

inumi 

HH 

IHHMHHHI 

26 


DAY  < 
DATE 


APPENDIX  B:  COMPARISON  OF  LTN-72  NAVIGATION  SYSTEM 
AND  THE  OMEGA  (LTN-211)  NAVIGATION  SYSTEM 


3/8/1998  SSM/I  VALIDATION  FLIGHT  #1 


LTN-72 

TIME  LATITUDE  LONGITUDE 


LTN-21 1 

LATITUDE  LONGITUDE 


00 :  50 

£4 

39  0 

1 47  03  4 

01  :08 

64 

42  3 

148 

07  0 

01  :  1 3 

64 

52.0 

147 

33 . 0 

0 1:19 

64 

49 . 3 

147 

40  5 

01  :28 

64 

23 . 8 

146 

46.8 

01  :  29 

64 

19.6 

1  46 

44 . 5 

01  : 36 

64 

n.o 

145 

41  1 

02  :  57 

66 

38 . 6 

161 

15.2 

03 : 03 

66 

54.8 

162  30.2 

66 

53.7 

162 

31  .2 

66 

S3  2 

162 

32 . 2 * 

03 : 07 

67 

03.8 

163 

11.7 

03 :  1  5 

67 

14  3 

164 

51  .6 

03 : 22 

67 

32  9 

166 

19  7 

03 : 39 

69 

00  9 

165 

56.8 

03:55 

70 

26.3 

165 

48 . 1 

04 . 04 

70 

46.2 

165 

34.0 

04 : 07 

70 

33 . 8 

165 

42  2 

04:11 

70 

14  7 

165 

41  4 

04  :  20 

69 

38  0 

165 

40.4 

04  :  27 

69 

02 . 3 

1  65 

41  4 

04 : 30 

68 

49. 1 

165 

41  .9 

04  ;  33 

69 

00 . 0 

165 

31  .9 

04 : 36 

69 

23.8 

165 

33.7 

04 :  56 

70 

48 . 2 

165 

24.5 

05 :  oo 

70 

28 . 3 

165 

21 .7 

05:11 

69 

39.4 

165 

15.5 

05 :  1  5 

69 

16.9 

165 

13.3 

05 : 1 9 

68 

59 . 3 

165 

11.2 

05  :  24 

68 

56.9 

164 

55.6 

05 : 38 

70 

19.8 

164 

52.2 

05  :  46 

70 

01  5 

164 

■S3  4 

06  : 07 

70 

50.4 

164 

59  6 

06 :  1  5 

70 

15.3 

164 

00.2 

06 :  30 

69 

00.1 

164 

53.3 

06 : 36 

68 

58.0 

164 

36, 1 

06  :  44 

69 

42.7 

164 

29.7 

06 : 56 

70 

49  2 

164 

18.3 

07 : 00 

70 

49.4 

164 

07.  1 

07  : 08 

70 

09.3 

164 

09  1 

07  :  23 

69 

00.6 

164 

20 . 2 

07  :  28 

69 

00.8 

164 

13.5 

07  : 33 

69 

32.4 

164 

17.2 

07:40 

70 

11.9 

164 

19.7 

07:47 

70 

49  1 

164 

18.8 

07  :  52 

70 

39.4 

164 

06 . 1 

08:00 

70 

03.6 

163 

56,3 

08 : 05 

69 

42,8 

163 

51  2 

08:14 

69 

00.7 

163 

43.0 

08:16 

69 

02.6 

163 

30.2 

08:22 

69 

34.4 

163 

27 . 1 

08 : 25 

69 

54.9 

163 

24.6 

08:27 

69 

54.6 

163 

12.3 

03  : 36 

69 

14  7 

163 

14  3 

ACTUAL  VALUES  UPON  RETURN  TO  EIELSON  AFB,  FAIRBANKS,  AK 
64  39 .2  147  04.6 

1 0 : 24  64  34 . 3  147  04  2  64  38  5  1 47  06  0 


29 


i/ 11/1 988 


SSM/I  VALIDATION  FLIGHT  #2 


LTN- 

72 

LTN- 

2!  1 

TIME 

latitude 

LONGITUDE 

LATITUDE 

LONGITUDE 

15:28 

64 

40 

1  47 

05  9 

1  S  :  39 

65 

10.1 

147 

02 . 7 

65 

09  3 

147 

00  2 

i  5 :  4b 

65 

39  6 

1  47 

00 . 8 

6S 

38. 7 

1  46 

53 . 9 

1  6 : 34 

69 

55  2 

146 

40  5 

65 

54  4 

146 

38  3 

1  6 : 39 

70 

26  2 

1  46 

08  7 

70 

24  0 

146 

04  9 

1  6 ;  55 

71 

40 . 4 

144 

32 . 9 

1  7 : 04 

72 

32  4 

143 

21  .8 

72 

30  5 

143 

23  4 

17:21 

73 

58.6 

141 

09  6 

17:33 

75 

02.5 

139 

11.8 

1  7 : 36 

75 

22  8 

138 

31.7 

17:44 

76 

03  6 

137 

06.4 

17:57 

77 

14.3 

134 

15  3 

13:07 

78 

00  8 

131 

41  0 

1811 0 

78 

17.6 

1  30 

54.2 

13:13 

78 

30  3 

129 

42  8 

73 

30  2 

130 

07  5 

18:21 

79 

10  1 

126 

57  5 

79 

09 . 0 

127 

24  0 

1  8  : 30 

79 

51  7 

124 

21.8 

LO: 

:.T  OMEGA 

SYSTEM 

19:16 

82 

42 . 0 

101 

51  6 

21  : 35 

79 

25  7 

126 

44  5 

22 : 00 

78 

OS  .  6 

132 

10.0 

22:11 

77 

28.7 

1  33 

54 . 7 

22 :  26 

76 

30  2 

1  36 

31  6 

22 : 36 

75 

48  3 

138 

04  7 

3/11/1988 

SSX/I  VALIDATION 

FLIGHT 

'  #2 

TINE 

LTN-72 

LATITUDE 

LONGITUDE 

LTN-211 

LATITUDE 

LONGITUDE 

15:  26 

64 

40 

147 

05.9 

147 

00. 

15 1  39 

65 

10.  1 

147 

02.7 

65 

09.3 

2 

15:  40 

65 

39.5 

147 

00.  8 

65 

38.  7 

146 

58. 

.  9 

16:  34 

69 

55.  2 

146 

40.5 

65 

54.  4 

146 

38. 

3 

16:  39 

70 

26.2 

146 

08.7 

70 

24.0 

146 

04. 

ft 

16:  55 

71 

40.  4 

144 

32. 

9 

17:  04 

72 

32.  4 

143 

21.8 

72 

30.5 

143 

23. 

4 

17:21 

73 

58.6 

141 

09. 

6 

17:33 

75 

02.5 

139 

11. 

8 

17:  36 

75 

22.8 

138 

31. 

7 

17:  44 

76 

03.  6 

137 

06. 

4 

17:57 

77 

14.3 

134 

15. 

3 

18:  07 

78 

00.8 

131 

41. 

,  0 

18:  10 

78 

17.6 

130 

54. 

2 

18:  13 

78 

30.3 

129 

42.8 

78 

30.  2 

130 

07. 

,5 

18:21 

79 

10.  1 

126 

57.  5 

79 

09.  0 

127 

24 

.  0 

18:30 

79 

51.7 

124 

21.8 

LOST  OMEGA 

SYSTEM 

19:  16 

82 

42.0 

101 

51.6 

21:35 

79 

25.7 

126 

44.5 

22:  00 

78 

05.6 

132 

10.  0 

22:  11 

77 

28.7 

133 

54.7 

22:26 

76 

30.  2 

136 

31.6 

22:36 

75 

48.3 

138 

04.7 

30 


3/  1  3/19*3 


SSM/I  VALIDATION  FLIGHT  #3 


LTN-72  LTN-211 


TIME 

latitude 

LONGITUDE 

LATITUDE 

LONGITUDE 

15 

25 

64 

46 

4 

1  47 

41  8 

64 

45 . 3 

1  47 

46 . 2 

1  5 

40 

64 

43 

1 

1  50 

40  1 

64 

41  1 

150 

42 . 3 

1 6 

03 

64 

31 

2 

154 

58  2 

64 

28 . 6 

155 

00 . 2 

1  6 

15 

64 

21 

4 

157 

09  0 

64 

1  8 . 8 

157 

10.4 

1  6 

35 

64 

00 

5 

1  60 

57 . 3 

63 

68 . 7 

160 

68 . 6 

16 

55 

64 

02 

4 

1  64 

S3 . 5 

64 

02 . 5 

164 

56  9 

1  7 

03 

64 

01 

5 

166 

21  7 

64 

01  .0 

166 

25.7 

1  7 

21 

63 

IS 

0 

169 

13.4 

63 

28 . 5 

169 

11.8 

1  7 

26 

S3 

00 

3 

169 

58 . 0 

63 

09  0 

169 

56 . 6 

1  7 

34 

62 

27 

•=» 

1  70 

37 . 8 

62 

36 . 6 

170 

35  8 

17 

40 

62 

03 

4 

171 

07  4 

62 

11.0 

171 

06  7 

17 

48 

61 

31 

5 

171 

46  4 

61 

39  5 

1  71 

43  7 

1  7 

54 

61 

07 

4 

1  72 

14  6 

61 

15.5 

172 

11.6 

1  8 

00 

60 

46 

0 

1  72 

37 . 8 

60 

54 . 4 

1  72 

35 . 2 

18 

08 

60 

25 

6 

1  73 

04  9 

1  3 

10 

60 

1  4 

0 

1  72 

55  7 

60 

22.6 

172 

54  0 

18 

20 

61 

00 

4 

1  72 

09  6 

61 

07  3 

1  72 

10.9 

IS 

26 

61 

32 

5 

171 

32.6 

61 

39.6 

171 

35 . 0 

18 

40 

62 

35 

1 

170 

18.4 

62 

43  4 

1  70 

17.8 

18 

46 

63 

11.5 

167 

41.9 

18 

58 

62 

53 

-3 

16.9 

46 , 1 

63 

03 . 6 

169 

36 . 5 

19 

04 

62 

25 

9 

1  70 

18.0 

62 

35 . 3 

1  70 

09  4 

1  3 

10 

61 

59 

8 

170 

48.0 

62 

00  4 

170 

47 . 2 

19 

13 

61 

47.6 

171 

02.5 

19 

22 

61 

14  8 

171 

45.6 

19 

26 

60 

57 . 0 

172 

04  5 

19 

34 

60 

26.9 

172 

42  1 

19 

37 

60 

16.0 

172 

54  4 

19 

40 

60 

17  4 

172 

43  1 

19 

42 

60 

29  0 

172 

31.9 

19 

48 

60 

57. 1 

172 

03 . 5 

19 

54 

61 

24 . 9 

171 

30  6 

19 

58 

61 

44  4 

171 

07  6 

20 

01 

62 

22.8 

170 

19  7 

20 

13 

62 

58.3 

169 

34.0 

20 

27 

62 

47.4 

169 

27  2 

20 

41 

61 

43.2 

170 

39.9 

20 

47 

61 

22.7 

171 

07.8 

21 

02 

60 

21 

1 

172 

18.1 

60 

21  .6 

172 

24  1 

21 

06 

60 

08.7 

172 

4  3 . 6 

21 

16 

59 

55 . 7 

173 

01  .7 

21 

20 

60 

09. 1 

172 

44 . 1 

21 

35 

60 

43  1 

171 

41  6 

21 

39 

60 

58.2 

171 

08. 1 

21 

44 

61 

17.7 

170 

21  0 

21 

SO 

61 

38.3 

169 

28.0 

21 

58 

62 

04 . 0 

168 

05.8 

22 

16 

62 

53.5 

165 

05.2 

22 

22 

63 

12  2 

164 

04.9 

22 

30 

63 

35.4 

162 

44 . 8 

31 


M/I  VALIDATION 


FLIGHT  #4  14  MARCH  1988 


LTN-72  LTN-21 1 


TIME 

LATITUDE 

LONGITUOE 

LATITUDE 

LONGITUDE 

1  7 

59 

64 

38  3 

1  47 

04  9 

64 

39 . 7 

1  47 

04  .  8 

)  S 

16 

65 

40 . 3 

1  48 

39  3 

65 

40  0 

1  48 

38 . 1 

13 

40 

67 

23  7 

1  52 

05  5 

67 

28 . 2 

152 

05  7 

13 

55 

6- 8 

38  0 

1  54 

40  9 

68 

33  3 

1  54 

37  8 

19 

1  1 

69 

46 . 2 

1  57 

35 .  1 

69 

SO .  3 

1  57 

32.6 

19 

22 

70 

40  5 

1  59 

59  5 

70 

42.8 

159 

58  9 

19 

31 

71 

1  4  1 

161 

50  .  1 

71 

1-5.5 

161 

43  9 

19 

43 

71 

57  1 

164 

31  2 

71 

58  3 

164 

29.3 

20 

03 

7  3 

00  1 

1  6*8 

56 . 5 

20 

06 

7  3 

15.6 

1  69 

00  0 

73 

16  7 

168 

58  5 

20 

1  7 

74 

17  2 

1  63 

59.9 

74 

17.0 

169 

00 . 0 

20 

20 

74 

33  3 

1  68 

59 . 6 

74 

34  1 

169 

00 . 0 

20 

27 

75 

1  4  7 

168 

59  0 

75 

14.2 

169 

04  9 

20 

31 

75 

34  6 

1  68 

58  7 

20 

33 

75 

33 . 3 

168 

40 . 3 

75 

32 . 6 

168 

59 . 2 

20 

42 

74 

51  :3 

168 

43.8 

74 

52 . 1 

168 

48 . 8 

20 

53 

74 

00  5 

1  68 

44 . 2 

20 

54 

7  3 

54  7 

168 

43.8 

73 

56 . 1 

1  68 

39 . 9 

21 

00 

7:3 

26 .  1 

168 

42.0 

73 

27  2 

168 

36.3 

21 

07 

73 

02  2 

168 

21  .  6 

73 

03  5 

168 

19.8 

21 

10 

73 

17.9 

168 

25 . 5 

73 

18.6 

168 

25.7 

21 

74 

21  5 

168 

34  4 

21 

35 

75 

34  5 

168 

42.5 

21 

39 

75 

35 . 8 

168 

26.4 

21 

44 

75 

13.1 

168 

27  4 

21 

50 

74 

44  6 

168 

18.4 

21 

56 

74 

16  7 

163 

13.0 

22 

06 

7  3 

28.6 

168 

04  5 

22 

07 

73 

23.6 

163 

03  5 

22 

1  1 

73 

03.8 

167 

59.9 

22 

20 

73 

37  0 

167 

43. 1 

22 

26 

74 

08.7 

167 

54 , 1 

37 

75 

08 .7 

168 

05  1 

22 

41 

75 

31  .0 

168 

12,5 

22 

42 

75 

36.3 

168 

14.2 

22 

45 

75 

31  .9 

168 

05 . 1 

22 

43 

75 

18.1 

168 

05  6 

22 

55 

74 

45  4 

167 

56. 1 

23 

02 

74 

13.1 

167 

43 . 6 

23 

13 

73 

19  1 

167 

42.5 

23 

1  7 

72 

59  3 

167 

41  6 

23 

37 

72 

58.7 

167 

43 . 0 

23 

45 

73 

34  0 

168 

14  6 

73 

30 . 5 

168 

29.3 

23 

55 

74 

12.2 

163 

58.2 

74 

10.7 

167 

16.0 

23 

57 

74 

17  0 

168 

41.5 

23 

59 

74 

17  6 

168 

04.6 

74 

15.1 

168 

23 . 3 

00 

03 

74 

13.2 

167 

03.6 

74 

17.1 

167 

21  .  1 

00 

10 

73 

55 . 8 

165 

45  6 

74 

01  .6 

165 

56.0 

00 

26 

72 

54  4 

162 

40 . 2 

73 

03 . 8 

162 

33 . 2 

00 

30 

72 

41  3 

162 

00.0 

72 

SO  7 

161 

51  .5 

00 

40 

72 

08  3 

1  59 

54  5 

72 

16.6 

159 

46  .  S 

00 

55 

71 

15.7 

156 

44  9 

71 

20.8 

156 

45.5 

01 

04 

70 

33 . 0 

155 

25  7 

70 

43.0 

155 

31  .  3 

01 

1  7 

69 

33.7 

1  53 

39.2 

69 

34  4 

153 

48.6 

01 

27 

63 

47 . 5 

152 

28.8 

68 

55 . 5 

152 

34  4 

01 

40 

67 

48  7 

151 

00  5 

67 

57  8 

150 

56.6 

01 

49 

67 

07 . 5 

150 

04  6 

67 

16.7 

149 

55 . 3 

02 

01 

66 

15.2 

148 

55 . 3 

66 

23  9 

148 

47.2 

02 

09 

65 

40  6 

1  48 

12  0 

65 

48  0 

1  48 

07 . 5 

02 

34 

64 

37  9 

146 

51  4 

64 

46.6 

1  46 

59  4 

LTN-72 

6  NM  OFF 

LTN-21 1  7 

NM  OFF 

32 


APPENDIX  C:  COPY  OF  THE  NAVPOLAROCEANCEN  ICE  OBSERVER  REPORT 

JOIWI  -ii  fjernitM  ^UNCLASSIFIED  I 


02  ,,04 


tiAfirjtiNi.  INSIR'lf.'lKi'r. 


1745/ 

77010')13040 

2011B 

55012 

10/77 

140// 

700A0 

I 

1140/ 

76321 

08424 

2011A 

558/0 

11005 

040// 

743A0 

1145/ 

76326 

06000 

2011A 

557/0 

12007 

040// 

743A0 

uso/ 

7632cl 

07040 

2011B 

558/0 

01/07 

840// 

700B0 

1152/ 

78321 

07555 

2011B 

TURN/ 

uss/ 

78328 

07010 

2011B 

ssa/o 

11/07 

840// 

7DDBD 

2000/ 

78322 

08020 

2011A 

ssa/o 

11007 

840// 

72310 

2005/ 

78317 

oasis 

2011A 

558/1 

01007 

840// 

7331D 

2010/ 

78312 

08710 

2011A 

ssa/o 

11007 

740// 

7321D 

2015/ 

78300 

01050 

2011A 

ssa/o 

11007 

740// 

73310 

2020/ 

78300 

01401 

2011A 

557// 

12070 

740// 

703A0 

2025/ 

78253 

01040 

20118 

558// 

11/77 

740// 

700BD 

2030/ 

78242 

01158 

1011A 

557// 

12075 

///// 

733A0 

2.  BERING  SEA  -  12 

tlAR  68: 

10S0/ 

70403 

10347 

0511A 

55/// 

27153 

370// 

71280 

1055/ 

70402 

10448 

0511A 

55/// 

45153 

571// 

73260 

1700/ 

70401 

10548 

1011A 

55/// 

35243 

370// 

71180 

1705/ 

70401 

10048 

1011A 

55/// 

54154 

517// 

71570 

1710/ 

70353 

10745 

1511A 

55/// 

54153 

417// 

73570 

OISTR  • 

OR**'**  IW.  «AMI  Mil*  ■■■»■  »  I'lMiul  iN'.fKII'.fKin  .  ’ 

UNCLASSIFIED 


OD  ■  173/2 


33 


from  NAVPOLAROCEANCEN  ICE  OBSERVER  EIELSON  AFB  AK 
ro  NAVPOLAROCEANCEN  SUITL AND  HD 
UNCLAS  //ND3140// 

SUBJ:  AERIAL  ICE  OBSERVATIONS  11  AND  13  HARCH  1133 
1.  BEAUFORT  SEA  -  11  HAR  33: 

it>3s/  77007  mtsa  20110  ss/bq  ///aa  ooooq  70010 

imo/  77032  mtoi  2oha  55/44  iaobs  623//  74310 

lb4S/  770S3  14554  2011A  SS/S3  1007S  323//  74210 

IbSO/  77121  14400  2Q11A  55/53  01075  323//  74210 

lbSS/  7714b  14428  2QTTA  55/53  1007b  121//  73310 

1700/  77213  14351  2011A  55/34  20074  112//  73310 

1705/  77231  14310  2011A  55033  30075  124//  73310 

1710/  77302  14231  2011A  55422  10075  142//  75310 

1715/  77330  14150  2011A  55422  10077  143//  73410 

1720/  77354  14112  2011A  55224  10075  324//  73410 

1725/  77423  14025  2011A  55422  1007b  63b//  7b410 

1730/  77441  1310b  2011B  55512  10077  14b//  70010 

1735/  77514  13340  2011B  55513  10/?b  14b//  74210 

1740/  7754b  1373b  2011B  55513  10/77  14b//  700A0  j 
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1715/  7b338olba2S  1S11A  S5//1  4*4233  blO//  73270 
1720/  7U320  ^lblOS  1511B  55///  B//BB  000//  7D0S0 

1725/  7b30?  lb148  1511/  TURN/ 

1727/  7t>3C0  lb158  15111  55///  /3t3X  770//  71130 

1730/  7b240  17013  1511A  55///  181b4  71?//  73*430 

173S/  7b220  17042  1511B  55///  53254  717//  70040 

1740/  7b204  171SU  1511A  55///  b22S3  710//  72040 
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APPENDIX  D:  REPRESENTATIVE  KRMS  IMAGES 


Figure  Dl.  North  coast  of  St.  Lawrence  Island  (17:21:12Z,  13  March 
1988).  Flight  altitude  20,000  ft  (6050  m),  14.4  km  across  the  scene. 


Figure  D2.  South  coast  of  St.  Lawrence  island  (17:26:09Z,  13  March 
1988).  Flight  altitude  20,000  ft  (6050  m),  14.4  km  across  scene. 
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Figure  D3.  East  coast  of  St.  Lawrence  Island  f  1 8:58:0 1 Z,  13  March  1988).  Flight  altitude  20,000  ft  (6050  m), 
14.4  km  across  scene. 
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Figure  D5.  Multiyear  icefloes  and  first-year  ice  of  varying  thickness,  Chukchi  Sea  (23:07:57Z,  14 
March  1988).  Flight  altitude  20,000  ft  ( 6050  m),  14.4  km  across  scene. 
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Figure  D6.  Multiyear  and  first-year  sea  ice,  Chuckhi  Sea  (23:37:S6Z,  14  March  1988).  Flight  altitude  5000ft  (1520  m), 
3.6  km  across  scene. 


Figure  D7.  Primarily  multiyear  ice  floes,  with  a  frozen  lead  (dark  linear  feature)  cutting  diagonally  across  the  scene, 
Chukchi  Sea  (23:39:22Z,  14  March  1988).  Flight  altitude  5000  ft  (1520  m),  3.6  km  across  scene. 


APPENDIX  E:  NAVAL  RESEARCH  LABORATORY  AIRCRAFT 
SUPPORT  DETACHMENT  AIRCREW  LISTING 


NAVAL  RESEARCH  LABORATORY 
AIRCRAFT  SUPPORT  DETACHMENT 
PERSONNEL  LISTING 


CDR  H.  J.  WNUK 

LCDR  C.C.SCHOULDA 

LCDR  D.  W.  THORNBURG 

LT  D.  G.  SEYBOLD 

LT  B.  J.  MILLER 

AMSC  F.  J.  PERETTO 

AD 1  M .  J.  PESCHL 

ATI  W .  E.  BEARS 

ADI  F.  A.  JONES 

AT2  T.  P.  RIZAN 

ATS  D.  V.  Mac CORN ACK 

AM S3  T .  F .  ANDERSON 

MR  C.  T.  "BILL"  BENTLEY- 


PILOT 

PILOT 

NAVIGA i OR 

P I  LOT 

WAV I GATOR 

FLIGHT  ENGINEER 

FLIGHT  ENGINEER 

A I  RCEEJW 

A I RCREW 

A I RCREW 

AIRCREW 

AIRCREW 

PROJECT  SUPPORT  COORDINATOR 


it  U.  S.  GOVERNMENT  PRINTING  OFFICE:  1 9 89- -600-0 5 7 -- 8 2 06 7 


